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SELECTIVE STAINING OF HUMAN DERMAL COLLAGEN
I. AN ANALYSIS OF STANDARD METHODS*
V. S. CONSTANTINE, M.D., M.S.t AND II. W. MOWRY, M.D.t
Countless modifications of the standard
methods for the staining of collagen have been
published and these utilize a great number of
different dyes (1). Relatively few procedures
have won any degree of general acceptance.
The standard techniques that stain collagen
(2—6) fall into one of three groups: those using
picrie acid, those using phosphotungstic acid
(PTA) and/or phosphomolyb die acid (PMA),
and Lillie's hydrochloric acid (HC1) methods
(4). An exception not used widely is the use of
Luxol fast blue dyes, proposed by Hale et al.
(7) and by Salthouse (8).
According to Lillie, the first selective col-
lagen stain was reported in 1872 and con-
sisted of indigo-carmine in a saturated solution
of picrie acid (1). This led to Van Gieson's
pierofuehsin (9), which was introduced origi-
nally for staining fibers in neural tissues but it
became popular as a general stain for collagen.
The use of PTA and/or PMA in a procedure
that stained collagen originated with Mallory
(10) who first used PMA but later preferred
PTA (11). This was the forerunner of the
so-called "triebromes". Masson in 1929 de-
scribed a modification of the PMA-aniline blue
collagen staining technique in which separate
nuclear and eytoplasmic stains were used (12).
He described this as "triebrome" (three colors)
and this term has since been used for numerous
collagen staining procedures that utilize the
PMA/PTA technique with differing nuclear
and eytoplasmie stains. Finally, Lillie in
studying collagen staining concluded that pierie
acid, PMA and PTA were dispensable. He
used HC1 instead and described good results
(1,4).
We have assessed the relative good and bad
points of each family of methods when used to
detect collagen in dermis of human skin. As
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much obscurity and uncertainty cloak the sub-
ject of collagen staining, we have tried to
clarify the mechanism of staining in each of the
basic methods. We hope that our experience
and views will interest others and stimulate
wider study of this important subject.
MATERMLS AND METHODS
Abdominal skin was obtained from 10 adults
of varying ages at autopsy, fixed in neutral
buffered formalin (4), embedded in paraffin
and cut at 5—7 microns. A set of 10 sections,
one from each ease, was used in each staining
experiment.
For each staining method, the progress of
staining was assessed at different stages in the
procedure to obtain clearer insight into its
mechanism. With each procedure studied, the
effect of omitting the counterstains was de-
termined. Observed also was the effect of
varying the concentration of collagen staining
dyes from that usually prescribed.
The pH of all solutions was measured elee-
trometrieally. When required, pH levels were
adjusted by adding either acetic acid, dilute
hydrochloric acid (HCI) or dilute sodium
hydroxide. Except where indicated, all dyes
were certified by the Biological Stain Commis-
sion. Since acid fuehsin and aniline blue are by
far the dyes most commonly used for staining
collagen, these received special attention.
Picric Acid Methods
Dyes tested were acid fuehsin (C. I. No.
42685), aniline blue (C. I. No. 42755), naphthol
blue black (C. I. No. 20470) and Biebrich
scarlet (C. I. No. 26905). When pH levels
lower than that obtained with saturated picrie
acid (about 1.3) were desired, HCI was added
to the solution.
PMA/PTA Methods
Mallory's PTA aniline blue (11) and Mas-
son's triebrome (3) procedures were performed
with and without the prescribed eounterstains;
different dyes, viz., acid fuebsin, aniline blue,
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toluidine blue (C. I. No. 52040) and safranin
0 (C. I. No. 50240) were substituted in turn
for the collagen stain and the effect observed.
The binding of PMA to tissue was visualized
by the molybdenum blue reaction, as pre-
scribed by Puehtler and Isler (13).
HUt Method of Lillie
The following dyes were tested in Lillie's
method (4) for the staining of collagen: acid
fuehsin, aniline blue, methyl blue (C. I. No.
42780), naphthol blue black, toluidine blue,
safranin 0 and Biebrich scarlet.
Methods Utilizing Luxol Fast Blue
Luxol fast blue MBS (Matheson, Coleman
and Bell, LX420) was used in the method of
Hale et at. (7). Luxol last blue G (lot 22, a
gift from the Dupont de Nemours and Co.,
Inc.) was used in Salthouse's method (18).
Slides were examined at various stages of the
staining procedure, both with and without the
eounterstains.
Periodic Acid-Schiff Reaction (PAS) with
Acetylation and Saponification
Four sets of slides (10 specimens per set)
were treated as follows:
Set A—FAS
Set B—Aeetylation (5) for one hour at room
temperature followed by PAS
Set C—Aeetylation as in B followed by
saponification (5) for 22 hours and then
PAS
Set D—Saponification (without prior aectyla-
tion) followed by PAS
RESULTS AND nTSCU55TON
Binding of Dyes to Collagen
The standard techniques (2—6) for staining
collagen employ amphoteric dyes having both
anionic and eationie (i.e., acidic and basic) rad-
icals present on the molecule. Depending on the
PH, such dyes are able to combine respectively
with either basic or acidic binding sites in tis-
sues.
Depending on pH, collagen also contains
both potential anionic and eationie (NH8 and
COO-) groups which form ionic bonds with
charged dye molecules. Although binding of
dyes by collagen may involve other binding
forces such as hydrogen bonding and dipole
attraction (14, 15), the primary binding force
is apparently ionic as it is p11 dependent. Col-
lagen staining procedures call usually for pH
levels less than 4. At this pH, the earboxyl
groups of collagen and most other proteins are
undissociated, resulting in a net positive charge.
Although a rarity, a few proteins remain acidic
despite very low pH, viz., pepsin (16). The
dyes used in collagen staining have anionic
radicals (sulfate groups) which are dissociated
at this pH range (1.5—3.5) and combine avidly
with collagen and most other proteins.
At the isoeleetrie range of collagen (about
neutrality) very little, if any, staining of col-
lagen is again observed. At pH 12 collagen can
be stained strongly. At high pH, collagen con-
tains essentially no NH3 groups while the
COOH group are dissociated to form COO
groups. Collagen is now again stainable with the
amphoterie dyes, this being attributed to their
cotionic radicals. Collagen is also stainable
with either toluidine blue or safranin 0, both
eationie dyes that contain no anionic radicals.
Other tissue proteins are in general stained
similarly.
Although each dye has its own degree of
fastness, depending probably on the molecular
configuration, size and secondary intermolecu-
lar binding forces, all the dyes tested could be
dissociated from collagen by changing the pH.
When stained skin sections were placed into
water, the rate at which the dye left collagen
depended on the pH of the wash. Even pro-
longed rinsing of sections at pH 1—2 for some
hours caused no appreciable loss of collagen
staining in those procedures utilizing ampho-
teric sulfated dyes at low pH. But, an alkaline
rinse caused rapid destaining of collagen after
the same procedures.
Selectivity of Amphoteric Dyes for Collogen
In the Absence of Counterstains
None of the dyes tested showed any selectiv-
ity for staining collagen compared with most
other tissue structures. When aqueous solutions
were adjusted to neutrality (about pH 7), little
or no staining of any structures occurred, but
at acid pH levels, non-eollagenous structures
were stained about as strongly as collagen. The
results were similar whether the pH was low-
ered by HCI or by acetic acid. Certain acids
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such as PTA, PMA and pieric acid have special
value long recognized empirically though hard
to explain completely. These are discussed later.
In the HC1 method of Lillie, sections are
stained first for nuclei and eytoplasmio ele-
ments after which collagen is stained by an
amphoteric dye in aqueous solution containing
1.5% HC1. Selectivity of collagen staining
seemed to depend on prior saturation of bind-
ing sites in non-collagenous elements by the
stains used before the collagen-staining step,
i.e., on the blocking and masking effects of
eounterstains. This does not deny their histo-
logic usefulness, but rather emphasizes our
need for more specific methods.
Picric Acid Methods
Picrie acid (2,4, 6-trinitrophenol) is itself a
dye according to Conn's definition of a dye
(17) and is so considered by other workers
(13, 18). It is anionic and is apparently
bound by cationic groups in tissue components.
We know very little about the mechanism
whereby pierie acid excludes non-eollagenous
structures from being stained by amphoteric
and acid dyes. When alone in a solution, picrie
acid stained all tissue components including
collagen. However, its binding to cellular ma-
terial appeared stronger since it washed out of
collagen faster than out of cellular compo-
nents. But, a few minutes of running tap water
washed pieric acid out of all structures.
According to Baker (18) the staining of a
given structure exposed to a solution containing
two dyes depends on its permeability and the
relative rate of penetration of the dyes. Less
permeable structures, such as cells, are stained
with the highly penetrating pieric acid which
excludes the larger, less penetrating molecules
of the amphoteric dye, such as acid fuchsin.
Compared with acid fuchsin, pierie acid is sup-
posted to penetrate agar gel more than twice
as fast (18).
Consideration of permeability and rates of
penetration, however, does not completely ex-
plain why the highly penetrating pierie acid
does not beat the slower acid fuebsin to the
binding sites on collagen. Besides electrostatic
charge and permeability, affinity of a dye for a
given structure involves also molecular size
and shape of the dye, hydrogen bonding,
secondary binding forces and even unknown
"special" affinities.
Many amphoteric dyes stain collagen pref-
erenfially in a saturated solution of picrie acid,
but the degree of net selectivity for collagen
varies according to the particular dye. Any
background staining impairs contrast and is
therefore undesirable. Among the dyes tested
by us, acid fuchsin gave the least general stain-
ing of the background. Acid fuehsins are com-
plex mixtures produced by the sulfonation of
basic fuchsin whose exact composition varies
(17). Dye strength of different lots also varies.
Although some dye batches, viz. National Ani-
line lots NR-29 and 31 produced slight back-
ground staining, this was seldom objectionable;
certain dye lots produced none, viz., National
Aniline NR-23. Two years after staining, fad-
ing of sections stained with the former dye lots
was negligible while it was appreciable after
use of the dye sample producing least back-
ground staining. Acid fuehsins vary to some
extent evidently.
In our experience the simplest and most
selective of the methods used to stain collagen
with various amphoteric dyes is the pieric acid
method. Its selectivity depends on pieric acid
and the dye acting together.
PMA-PTA Methods (The "Trichromes")
Mallory introduced the use of PMA and
later of PTA as mordants for staining collagen
in histologic sections (10, 11). He recognized
that certain non-collagenous substances were
colored the same as collagen but usually less
strongly. The collagen staining step was ap-
plied after a nuclear and a cytoplasmic counter-
stain.
Puchtler and Isler (13) who studied the
mechanism of collagen staining with PMA,
found that it was bound by cationie groups
in collagen and also by the cationic (usually
amine) groups of dye molecules. The PMA be-
ing multivalent acted as a bridge or mordant.
We repeated their experiments and also stud-
ied PTA .binding to collagen. We obtained simi-
lar results and agree with their analysis of how
both PMA and PTA act. Following PMA
treatment, eationie dyes devoid of anionic radi-
cals stained collagen with exactly the same re-
sult as did amphoteric dyes (13).
The binding of PMA and PTA to collagen
seems mainly ionic, showing a pH dependence
similar to that seen with acidic or amphoterie
dyes that stain collagen. PTA in neutral salt
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solution was not bound by collagen. PTA al-
ready bound to collagen resisted wasbing in an
acid medium for several hours, but was re-
moved instantly by an alkaline wash. PTA
binding is inhibited by electrolytes in the
medium but not by urea (19). The latter is
assumed to interfere with hydrogen bonding
but not with ionic binding.
Both PMA and PTA are used th electron
microscopy as general stains for proteins in-
cluding collagen (20, 21). This is direct evi-
dence that these ions arc bound especially by
collagen hut not exclusively. Further, when
counterstains are omitted, tbe selectivity of col-
lagen staining by the trichrome techniques is
quite poor.
So the apparent selectivity of these pro-
cedures depends importantly on the saturation
of binding sites in noncollagcnous tissues by the
antecedent counterstains which prevent or
minimize the coloration of non-collagenous tis-
sues by the dye used to color collagen.
Luxol Fo.st Blue Methods
Salthouse described the staining of collagen
by Luxol fast blue G in methanol, but admitted
that elastic fibers were also stained (8). We
found that staining of non-collagenous tissues
by Luxol fast blue G in methanol was even
more when the countcrstain was omitted.
Hale et at. (7) described a technique of
staining collagen with Luxol fast blue MBS
followed by the periodic acid-Schiff reaction
(PAS). Collagen is colored by both staining
steps and the coloration is resistant to acidic
media. This permits the use of many other
counterstains afterwards. In other combination
procedures the collagen staining step must be
done last as collagen is decolorized easily dur-
ing the rinses if exposed to a pH higher than
4.
In the procedure of Hale et ol. sections are
initially stained for 12—18 hours in Luxol fast
blue MBS. Sections examined before differentia-
tion by alkali showed staining of collagenous as
well as many other substances. The "decoloriza-
tion" step which follows consists of rinsing in
alkaline lithium carbonate. We found this re-
moved dye not only from non-collagenous
structures, but also from the fine collagen fibers
seen in the papillary dermis and surrounding
the dermal appendages. After briefer rinsing
Luxol fast blue was retained not only by the
finer collagen fibers but by many non-collage-
nous structures as well. Longer rinsing than
prescribed abolished staining of all collagen but
not that of erythrocytes, myelin, alcoholic
hyaline of the liver and beta cells of pan-
creatic islets. After differentiation of Luxol
staining in Hale's procedure, the PAS reaction
is performed. Despite misconceptions to the
contrary, collagen is usually colored moderately
to slightly by the PAS, as first emphasized by
Lillie (22). We agree and found that dermal
collagen was colored moderately by the PAS.
The PAS-reactivity of dermal collagen was
blocked completely by acetylation and restored
to its original level by saponification performed
subsequent to aeetylation. This is evidence that
the PAS-reactivity of collagen depends on the
oxidation of vicinal hydroxyl groups. Staining in
the final step of the Hale method with
hematoxylin hides some staining of cells and
their nuclei by Luxol fast blue.
The coloration of collagen by Hale's Luxol
fast blue MBS-PAS stain results from the
double staining of collagen, Luxol staining
especially the larger fibers and the PAS, es-
pecially the smaller ones. Neither component
of the combination has any real selectivity for
dermal collagen fixed in neutral buffered forma-
lin.
COMMENT
None of the dyes used traditionally for the
selective staining of collagen did so when used
alone. In contrast, even though no counter-
stain is used, orcein stains elastic fibers and
Alcian blue stains polyanions, e.g., acid mu-
copolysaccharides. Present methods used for
collagen depend on other components or dyes
used to exclude the collagen staining dye from
non-collagenous structures. A partial exception
to this generalization is the Luxol fast blue-
PAS technique in which much but not all col-
lagen is stained with the dye first. Regrettably,
this method colors many non-collagenous struc-
tures more strongly than collagen.
Each of the several general methods of col-
lagen staining techniques has its own ad-
vantages and its own devotees. For example,
when the staining of a maximum number of
different structures is more important than a
high degree of selectivity, the trichrome pro-
cedures are very useful. Hale's Luxol fast blue
stain is useful whenever the collagen staining
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step must precede another stain or histochemi-
cal reaction. However, we prefer the simpler
picric acid methods for the identification of
collagen in tissue sections.
SUMMARY
The several standard methods for the selec-
tive staining of collagen were applied to human
dermal collagen in paraffin sections of formalin-
fixed tissues. The critical features of each gen-
eral method were analyzed and compared with
others.
In the absence of antecedent reagents or
countcrstains, none of the methods used com-
monly demonstrated any real selectivity for
human dermal collagen. Among the method
whose selectivity depends on counterstaining,
the picric acid method was judged the most
useful. It is not only simplest but also the
most selective because picric acid, unlike
stronger countcrstains used in other methods,
does not obscure or mask stained collagen to
any extent. To our knowledge, a specific stain
for collagen is yet to be devised.
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